To determine the relative economic impact of alternative methods of coronary revascularization, in-hospital patient accounts were reviewed in 149 patients undergoing elective coronary angioplasty (n = SO), coronary atherectomy (n = 72) or intracoronary stent placement (n = 27) over an is-month period. Clinical and angiographic features were similar in the 3 groups, except that prior restenosis was seen more often in patients undergoing intracoronary stent placement. Procedural success, obtained in >90% of patients, was independent of the treatment strategy. Total in-hospital stay was signiftcantly longer in patients undergoing intracoronary stent placement than in patients undergoing coronary angioplasty and directional atherectomy (4.9 f 2.4 days vs 1.5 f 1.3 and 2.2 f 3.9 days, respectively; p <O.OOOl). Furthermore, the total in-hospital charges were significantly higher in patients undergoing intracoronary stent placement ($12,574 f $4,564 vs $6,220 f $5,716; p <O.OOl) and directional atherectomy ($8,329 f $8,588 vs $6,220 f $5,716; p <O.Ol) than in patients undergoing coronary angioplasty, reflecting overall differences in room costs, laboratory fees and pharmacy fees. The longer in-hospital stay in the intracoronary stent group was primarily attributed to the time required for anticoagulation with coumadin. It is concluded that a 102 and 34% increase in early hospital charges resulted with stenting or directional atherectomy, respectively, compared with coronary angioplasty. These increased in-hospital charges were chiefly due to the prolonged hospitalization time, device cost, laboratory fees and, in patients with intracoronary stents, the prolonged time needed to achieve systemic anticoagulation. (Am J Cardiol 1991;68:879-999) 
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(Am J Cardiol 1991;68:879-999) S ince its introduction in 1977,' 2 major limitations have been noted after coronary angioplasty. First, despite pretreatment with antiplatelet agents and heparin, abrupt vessel closure develops in 4 to 7% of cases within 24 hours of the procedure.2,3 Second, delayed restenosis, often requiring a repeat revascularization procedure, develops in 30 to 40% of patients within the subsequent 3 to 6 months4 As a result of these shortcomings, alternative mechanical techniques such as intracoronary stenting,5-7 atherectomy,s,9 and laser angioplasty'O have been advocated.
Whereas initial investigation using these new devices has focused on defining safety and clinical efficacy, little attention has been focused on the economic impact of these new technologies. Prior retrospective series have suggested that coronary angioplasty may be less costly than bypass surgery, l l-l5 but no previous study has compared the incremental costs of the use of alternative mechanical devices with standard coronary angioplasty. Therefore, we analyzed in-hospital charges from 149 patients undergoing coronary angioplasty, coronary atherectomy or intracoronary stenting procedures.
METHODS
Patient population: From January 1, 1989, to June 30, 1990, 1,014 coronary interventions (coronary angioplasty, 858; directional coronary atherectomy, 116; intracoronary stent, 40) were performed at the University of Michigan Medical Center. For the purposes of this analysis, only patients with New York Heart Association class II to III angina undergoing elective coronary revascularization, admitted specifically for the procedure, were selected for the study. To avoid potential bias or imbalance of acuity of illness, patients with acute myocardial infarction, cardiogenic shock or unstable angina were excluded from the analysis. Patients were not excluded with multivessel disease, abnormal left ventricular function, or complex lesion morphology according to American College of Cardiology/American Heart Association guidelines. l6 An intention-totreat principle was adapted with inclusion of patient data irrespective of the success of the revascularization procedure.
Random selection of 50 patients undergoing coronary angioplasty was performed by reviewing every twelfth case record of the 858 angioplasty cases attempted during the study period. Unless contraindicated, all patients were pretreated with aspirin. After administration of a lO,OOO-unit bolus of heparin, coronary angioplasty was performed using standard methods. k2 Additional heparin was administered hourly and, in the presence of thrombus or dissection, a heparin infusion was continued for an additional 12 to 24 hours, maintaining the partial thromboplastin time 1.5 to 2.5 times control. Patients who developed hemodynamic instability or prolonged myocardial ischemia were admitted to an intensive care unit; patients without complications were admitted to a specialized care unit for observation. Generally, 8Fr sheaths were used for coronary angioplasty and 8 hours of bedrest were prescribed after sheath removal.
DIRECTIONAL CORONARY ATHERECTOMY: Of the 112 patients undergoing coronary atherectomy using the Simpson AtheroCathTM (Devices for Vascular Intervention, Redwood City, California) during the study period, 40 were excluded because of unstable symptoms requiring hospitalization before atherectomy (n = 37) or because audited accounts were unavailable for review (n = 3). The remaining 72 patients were included in the analysis. After premeditation as for patients undergoing coronary angioplasty, coronary atherectomy was performed using an 11Fr sheath by the method previously described. I7 After atherectomy, in the absence of ischemic complications or coronary dissection, patients were admitted to a specialized care unit for observation. In general, 11 hours of bedrest were prescribed after sheath removal.
INTRACORONARY STENT PLACEMENT: Of the 40 patients undergoing stent implantation during the study period, 13 were excluded owing to unstable symptoms requiring hospitalization at the time of intracoronary stent placement (n = 11) or because audited accounts were unavailable for review (n = 2). The 27 remaining patients composed the study group. In addition to aspirin and a calcium antagonist, all patients undergoing intracoronary stent placement were pretreated with dipyridamole and intravenous dextran beginning 4 hours before the procedure. After predilation using standard angioplasty methods, intracoronary stent placement (Palmaz-Schatz Stent, Johnson and Johnson Interventional Systems, Warren, New Jersey) was performed using previously described methods5,rs After stent implantation, patients continued to receive intravenous heparin until adequate oral anticoagulation could be obtained with coumadin (prothrombin time 1.5 times control). A 9 to 11Fr sheath was used for stent placement and was removed within 12 hours after intracoronary stent placement. In the absence of bleeding at the periaccess site, 9 to 11 hours bedrest after sheath removal were recommended.
Procedural success and in-hospital complications:
Procedural success was defined as a final diameter stenosis <50% and the absence of in-hospital ischemic complications, including coronary bypass surgery, myocardial infarction or abrupt closure. Significant bleeding complications were defined by a decrease in the hematocrit to <25% or those requiring a blood transfusion. Hematomas were defined as a >4 cm X 4 cm collection of subcutaneous collection of blood at the periaccess site.
Analysis of procedural charges: After patient discharge, the audited in-hospital accounts of the 149 patients used in this analysis were reviewed; only patient expenditures directly related to the procedure performed were included. During the study period of 1989 to 1990, the cost/charge ratio for all services at the University of Michigan Medical Center was 0.76.
CARDIACCATHETERIZATIONCHARGES:
Procedure duration (in hours) was used to estimate personnel and equipment allocation for each of the 3 methods of revascularization and a time-adjusted catheterization room charge was determined. Additional charges within the cardiac catheterization laboratory included charges for intravascular sheaths, guiding catheters and balloon dilatation catheters. Under the investigational protocols operational during the study period, expenditures for intracoronary stents and atherectomy devices were not applied to individual patient accounts, but were borne directly by the hospital. To estimate the total procedural costs, the hospital charges by the investigational device manufacturer were added individually to the cardiac catheterization charges. During the study period, per patient hospital charges were $1,095 for the atherectomy equipment (atherectomy device, $850; guiding catheter, $130; motor drive unit, $90; hemostatic valve, $25) and $1,000 for each intracoronary stent. Professional fees for any procedure and charges for out-patient services were not included in the analysis.
PHARMACY CHARGES: During the hospitalization period, pharmacy charges covering intravenous fluids and medications including aspirin, a calcium antagonist and analgesics were tabulated for all patients. In patients with intracoronary stents, the charge for oral coumadin and dextran were also added.
LABORATORY CHARGES: Routine plasma chemistries and hematologic profiles were obtained in all patients before and after the procedure. Coagulation profiles including a thrombin clotting time and heparin units were obtained in patients who continued to receive intravenous heparin after the procedure and in patients I To determine the relative patient dependency during hospitalization, medical records were reviewed to determine ambulatory status of patients during hospitalization. The following classification was used: (1) bedrestsheath in place -time from completion of the proce- Primary failures (%) 3 (6) 5 (7) 25 ( dure until the sheath removal; (2) bedrest-sheaths removed -period after the sheath removal until ambulation, and including any time required because of hematomas or femoral artery bleeding; and (3) ambulatory -time from ambulation until discharge, including the period of oral anticoagulation in patients undergoing intracoronary stent placement. Statistical analysis: Continuous variables are expressed as mean f 1 standard deviation. Differences between continuous variables were analyzed using analysis of variance for multiple comparisons and differences in frequencies were analyzed using chi-square analysis. Nonparametric analysis was applied when appropriate. Differences at p <0.05 were considered significant.
RESULTS

Clinical characteristics, procedural outcome and inhospital complications:
Clinical findings in patients undergoing coronary revascularization are listed in Table  I . Procedural success obtained in >90% of procedures did not vary significantly by treatment strategy (Table  II) . Repeat angiography for recurrent chest pain in patients undergoing intracoronary stent placement was performed for chest discomfort and any suggestive electrocardiographic changes of ischemia. In the 5 patients undergoing repeat coronary arteriography for recurrent chest pain in this group, abrupt closure was demonstrated in only 1. Femoral artery rebleeding and hematoma formation were more frequent in patients undergoing intracoronary stent placement, although hematoma formation was not significantly different from patients undergoing directional atherectomy. Notably, patients undergoing intracoronary stent placement had significantly longer periods of bedrest-sheaths in place, bedrest-sheaths removed, and in-hospital ambulatory status than patients undergoing coronary angioplasty or directional atherectomy (Figure 1) .
In-hospital charge analysis: Although the in-hospital stay was similar for patients undergoing coronary angioplasty and directional atherectomy, significantly longer hospital stays were required in patients undergoing intracoronary stent placement (Table III) . This longer in-hospital period was associated with higher room charges, laboratory and pharmacy fees, and total hospital charges in the intracoronary stent group. Thus, the total in-hospital charges for intracoronary stent placement was slightly more than double that of standard coronary angioplasty and >30% greater than directional atherectomy (p <O.OOl ) (Figure 2) . Directional coronary atherectomy was also associated with 34% higher hospital charges than coronary angioplasty.
DISCUSSION
Because of limitations of coronary angioplasty, including abrupt vessel closure2S and late restenosis,4 alternative methods of coronary revascularization have been investigated. 5-10 Despite encouraging angiographic and clinical results using these alternative techniques,19 little attention has been focused on the potential economic cost of their more widespread application. To define the relative resource allocation required by coronary angioplasty and 2 of these alternative methods, directional atherectomy and intracoronary stent- Pat&s undergoing intracoronary stenting had significantly longer in-hospital stays, primarily refiected by longer periods of bedrest with sheaths out and ambulatiin before hospital discharge than coronary angioplasty or directional atherectomy.
ing, the present study was performed by reviewing the age true economic cost of a service. l5 To compensate in-hospital accounts of 149 patients undergoing elective for losses in one area, hospitals may "cost-shift," chargrevascularization using one of these techniques. Com-ing more than the true economic cost for other services pared with patients undergoing coronary angioplasty, that are more substantially reimbursed by third-party in-hospital charges were 102% higher in patients under-payers.20 going intracoronary stent placement and 34% higher in Hlatky et a121 used standard cost-accounting methpatients undergoing directional atherectomy. Signifi-ods to relate direct costs plus allocated hospital overcantly longer hospitalization periods required in pa-head, an index of true economic cost, to hospital chargtients undergoing stent placement accounted for most es. In the 389 patients evaluated, direct costs plus alloof the increased in-hospital charges.
cated hospital overhead were 0.78 of hospital charges, Prior studies estimating the economic costs of coro-not dissimilar from the estimated cost-charge ratio of nary angioplasty have, in general, reviewed audited in-0.76 in the present study. Provided that hospital charghospital and 1 -year total charges. 12-15 However, the use es for each service would be discounted by the same of hospital charges as a substitute for true economic cost/charge ratio -an assumption that may be inaccosts may have important limitations.20 In-hospital curate in the event of "cost-shifting" -the results of charges are often discounted by third-party payers, so the present study would suggest that intracoronary that reimbursement may actually be less than the aver-stent placement may require more than twice the im- mediate in-hospital economic resources as standard coronary angioplasty; directional coronary atherectomy may require nearly 40% more resources than coronary angioplasty. Several factors influenced in-hospital charges for the 3 treatment strategies. The postprocedural in-hospital stay for patients undergoing balloon angioplasty (2 f 1 days) was substantially shorter than the in-hospital stay reported in prior studies (range 5 to 14 days) (Table  IV) . Furthermore, accounting for 1989 dollars, the inhospital charges for balloon angioplasty were also lower in the present report, reflecting the elective nature of the study population, the same day admission policy for coronary angioplasty, and more rapid hospital discharge with uncomplicated patients. As a result, the comparatively high in-hospital charges with directional atherectomy and intracoronary stent may simply reflect the evolution of lower in-hospital charges associated with coronary angioplasty. In fact, the 5-day hospital stay for patients with an intracoronary stent in the present study is not substantially different from the length of stay with historic cohorts of coronary angioplasty (Table IV) . Vascular complications occurred more often in patients undergoing stent placement and directional atherectomy than in patients undergoing coronary angioplasty, often prolonging the hospitalization period. Whereas increased operator experience and modification in equipment design may reduce the noted vascular complication rate, the requirement for systemic anticoagulation in patients undergoing stent placement necessitates longer periods of in-hospital observation. Potentially, the development of nonthrombogenic stents will permit shorter periods of in-hospital observation in the future.
Admittedly, the present study examines only the immediate in-hospital charges associated with coronary angioplasty, directional atherectomy and intracoronary stenting. Estimation of the overall economic cost of these procedures would require inclusion of the subsequent "induced-costs" associated with late restenosis.** In a previous study examining the economic costs associated with coronary angioplasty, restenosis was associated with $10,641 of additional hospitalization charges, although the number of patients treated with coronary bypass surgery for restenosis was high.'* Despite multiple pharmacologic approaches aimed at its prevention, restenosis still develops in up to 40% of patients within the 3 to 6 months after coronary angioplasty.4 Although it is hoped that restenosis will be lower using directional atherectomy and intracoronary stenting, it has been reported in patients undergoing these procedures.17Js A definitive reduction in restenosis and associated induced-costs using these techniques will require randomized trials.
Several previous studies have compared hospital charges associated with coronary angioplasty and coronary bypass surgery (Table IV) , convincingly demonstrating the potential economic savings of coronary angioplasty in patients with single11~12 and multivessel coronary artery disease. 14~15,21 Whereas the duration of follow-up has varied in these different studies, the ratio of hospital charges associated with coronary bypass surgery to coronary angioplasty has ranged from 1.2 to 2.9. Notably, many patients undergoing intracoronary stent placement in the present study had unsuccessful coronary angioplasty 1 or more times. Before introduction of the intracoronary stent, these patients would have been candidates for coronary bypass surgery alone, and compared with surgical patients from these historic controls, the in-hospital days and hospital charges associated with intracoronary stent placement are still quite favorable.
The present study has several important limitations. First, these comparative data are derived from a nonrandomized study with new device use in a relatively early stage of development. Modifications in equipment design and operator technique may result in future reductions of in-hospital charges for these alternative devices. Second, as previously noted, the present study includes only immediate in-hospital charges, and does not include either charges associated with late restenosis, charges associated with the increased surveillance associated with intracoronary stents such as coagulation profile monitoring required during 2 to 3 months of anticoagulation, or the social impact of these devices on patient lifestyle and back-to-work status. Therefore, the long-term economic benefits of these devices may not be fully realized. Finally, the technique of coronary angioplasty is in constant evolution. Whereas patient selection criteria have broadened, hospitalization days have shortened and in-hospital charges have been lower. Similarly, the major source of increased in-hospital charges in patients undergoing intracoronary stent placement in the present study was a prolonged in-hospital stay, partially attributed to an increased bleeding complication rate and requirement for systemic anticoagulation associated with intracoronary stenting. Earlier sheath removal and alternative anticoagulation schemes, such as an adjusted subcutaneous dose of heparin23 and bedside coagulation monitoring, and the development of nonthrombogenic intracoronary stents may substantially reduce the required hospitalization time in future studies.
